Dairy products provide an important source of nutrition globally and are one of the food sectors with the highest economic value. 1 Within the food production and processing industry, the requirements of quality control have received much focus recently. In parallel, modern near infrared (NIR) technology offers fast and cost-effective analyses that can afford quality control in both the laboratory and factory environments.
Dairy products provide an important source of nutrition globally and are one of the food sectors with the highest economic value. 1 Within the food production and processing industry, the requirements of quality control have received much focus recently. In parallel, modern near infrared (NIR) technology offers fast and cost-effective analyses that can afford quality control in both the laboratory and factory environments.
Applications of NIR spectroscopy within the dairy industry go back to the late 1970s. As for other food and feed applications, the traditional methods for determining the quality of dairy products are time-consuming and expensive. 2 To overcome these disadvantages, the potential of NIR spectroscopy for monitoring the quality of milk has been evaluated by several research groups. Most studies have indicated that NIR can be used to predict the chemical composition of milk and dairy products and to monitor the cutting-point during cheese manufacturing. Other studies have demonstrated the potential of NIR to also predict sensory characteristics (for example, hardness and tenderness) of dairy products. Considerable work has been done since that time, justifying more than one review. [3] [4] [5] NIR spectroscopy was historically used for measurement of low moisture products. The first applications in the dairy industry were for the analysis of milk powders. Over the intervening years, developments both in hardware and in software have permitted extension of analyses to more complex heterogeneous products such as cheese and yoghurt. 2 Liquid milk is the starting point of any dairy product and is one of the best controlled food products in the world.
In this context, this special issue was assembled to collect information about the new developments and uses of NIR spectroscopy as a useful tool along the full dairy chain, updating research on the analysis of liquid milk and the products derived from it, while also exploring some new applications and including practical experiences and outcomes from an industrial perspective.
Overview of papers
The use of NIR spectroscopy in the dairy sector is probably too large to be reported in one special issue: for this reason S.E. Holroyd 6 has reviewed recent developments in NIR spectroscopy for milk and milk products.
The last five years have seen a profusion of papers on NIR applied to milk and milk products, with a heavy emphasis on quality assessment, proof of origin and the use of chemometrics to push the boundaries beyond the traditional core compositional parameters such as moisture, fat and protein. Holroyd's review follows the established path by reference to the application of NIR to liquid milk and defined milk product types. The author also offers conclusions with regard to commercial utility and areas for further investigation and development of value to the global dairy industry.
The scattering of radiation is particularly important when NIR is used for the analysis of milk because it is a complex and biologically "active" matrix that can have significant inherent variation.
In the second review in this issue, Don Dahm 7 explains the theory of scatter and explains related fundamental principles and concepts.
A third review article, prepared by T.M.P. Cattaneo and S.E. Holroyd, 8 summarises studies concerning adulterations and contaminations in milk and milk powder detected by NIR. Milk and milk powder enjoy an excellent reputation as a good source of nutrition and are also of great economic importance. Historically, different types of milk adulteration have been noted, but the last decade has been characterised by the use of new adulterant components and the need to detect them using a fast, accurate, non-destructive, less expensive methodology. The need to be able to detect low levels of contamination (sub ppm) has stimulated researchers to explore the possibility of applying NIR technology for their detection. It has also revealed the dangers of not testing calibrations using independent samples. This paper reports the evolving landscape of applications of NIR in this field.
The physical interpretation of the absorbance observed in a non-scattering sample is straightforward; it is a simple function of the concentration of the analyte(s) and its (their) ability to absorb light. In a scattering sample, the phenomena of absorption and scattering affect each other. Consequently, the measured "absorbance" is more difficult to interpret and is not suitable for direct comparison to an "absorbance" obtained from a non-scattering sample. Dahm's second paper 9 describes a strategy for separating the effects of scatter and absorption. The amount of light absorbed by a sample can be determined by measuring both the amount of light remitted and the amount transmitted by the sample. Using the mathematics of plane parallel layers, it is possible to model the sample as a series of "layers" of any thickness and calculate the absorption, remission and transmission for each of these hypothetical layers. The absorption computed for a layer having a thickness of one particle, which we term the "representative layer", can be used to benchmark the absorbance that would be observed from the sample in the absence of scatter.
The contribution of scattering for the estimation of milk fat globules distribution in milk in number and size has also been reported by Cabassi et al. 10 The information they report provides a further contribution towards gaining a full understanding of the physical characteristics of milk by NIR; in fact, the size of the milk fat globules affects its phospholipid content, the texture and the lipolytic process during cheese ripening with implications on the nutritional and sensory quality of the final product. The development of a new model to estimate milk fat globule distribution, number and size could also help the industry to characterise different milk batches during cheese production. The Weibull distribution used in this paper has been shown to be very effective in describing natural phenomena such as raindrop size distribution and has been shown here to be superior to the log normal distribution in fitting milk fat globule size with respect to the log normal. Using this distribution function, the possibility of estimating the total number of particles per unit volume, which cannot otherwise be measured experimentally, was clearly demonstrated.
Nielsen et al. 11 present, for the first time, the absorption and reduced scattering spectra of commercially available milk and yoghurt products, obtained using photon time-of-flight spectroscopy. The ability of this technique to separate the contributions due to absorption from those of scattering in the sample provides important information on the chemical composition and micro-structural properties, which are not available with the traditional techniques used in dairy production. The instrument they used operates in the spectral range from 500 nm to 1030 nm. The reduced scattering coefficient varies from 5 cm -1 for milk with 0.1% fat in the near infrared range, to 60 cm -1 for yoghurt with 3.0% fat in the green wavelength regime. The absorption is within the range of 0.05-0.5 cm -1 , with only small variation in the absolute value between products. These results showed that the contrasting scattering can be used to distinguish milk from yoghurt with the same fat content and can offer a reliable way of monitoring milk microstructural changes during milk fermentation.
Marinoni et al. 12 contributed to this special issue with a paper focused on the ability of NIR spectroscopy to determine casein fractions and genetic variants. They compared the performance of different NIR instruments and sample presentation modes. Milk casein and casein fractions content have significant influence on milk rennet properties and cheese yield so that the selection of dairy cattle with genetic characteristics suitable for milk transformation is of great interest for dairy farms and milk processors. The possibility of a rapid and accurate determination of these parameters would be very useful to predict milk aptitude for cheese making. The results obtained demonstrate that NIR technology is useful for the determination and quantification of casein fractions (a s0 -, a s1 -, a s2 -, k-casein) and genetic variants (bB-bA 1 -, bA 2 -casein) in an aqueous simplified model. Among different sample presentation modes, reflectance measurements gave the best results for quantification of all casein fractions, but not for a s2 -casein. The spectral region was found to be a significant factor for good predictions: best results were obtained using the vis-NIR range (400-2500 nm). The reduced accuracy in respect of the reference method is compensated for by the possibility of a more extensive data set when using NIR, thanks to the low cost and speed of analysis.
Furthermore, Cabassi et al. 13 explored the use of NIR for the development of a method for the evaluation of the main classes of fatty acids obtained from dairy products by a solventfree extraction. This paper is very topical: the determination of the fatty acid profile of milk and dairy products is increasingly required for both the definition of nutritional label claims and also for the study of the genetic variability of bovine milk fat quality. A calibration set of 95 samples was selected for model development and the prediction models developed were validated with 40 samples of an independent validation set. The prediction models for the saturated and unsaturated fatty acid content showed an r 2 of 0.95 with SEP 0.97%, RER = 22.8 and RPD = 4.6. Monounsaturated, polyunsaturated and trans fatty acids provided determination coefficients of 0.95, 0.90 and 0.97, RER of 20.4, 12.5 and 32.1 and RPD of 4.2, 2.8 and 5.2, respectively. The models were also successfully applied and extended to a set of fat spectra obtained from cheese extracted using a solvent-free protocol similar to the protocol used for milk.
Another contribution enclosed in this special issue originates from Russia. In this paper, Kalinin et al. 14 aimed to verify the applicability of an inexpensive portable near infrared spectrometer for the determination of the ratio of whey proteins to casein. This ratio can serve as an indicator of milk quality as well as a possible criteria for milk protein adulteration. The value of the 95 th percentile for the ratio of whey proteins to casein was found to be ± 0.06; sufficiently low for practical use. Authors suggested this method as suitable for cost reduction without loss of calibration quality.
An important area has been developed by S. Grassi et al., 15 who evaluated the suitability of at-line FT-NIR spectroscopy, combined with multivariate data analysis, for the monitoring of milk lactic acid fermentation in order to detect possible deviations from the normal operating conditions. Fermentation is one of the earliest methods adopted to obtain value-added milk products with an extended shelf life. Fermentations carried out by lactic acid bacteria are the most widespread in the dairy industry for milk acidification and flavour development; within lactic fermented products, yoghurt is the most representative. FT-NIR spectroscopy gave real-time crucial information in total agreement with rheology and conventional parameters. The results suggested that, for the industrial monitoring of the lactic acid fermentation process, it would be possible to develop a simple, low-cost NIR instrument, able to read spectra only at 7100 cm -1 , that would give similar performance.
The diagnosis of cow mastitis was performed by Morita et al. 16 using shortwave NIR spectroscopy of cow udder tissue collected each morning over a two-year period in order to investigate the influence of various factors such as season, udder position, cow identity etc. Spectra were acquired using a portable NIR spectrometer and quarter foremilk was collected and analysed as reference data for milk components. The somatic cell count (SCC) was mainly used for mastitis diagnosis. The analysis of in vivo shortwave NIR spectral data of udder tissue was carried out by the SIMCA classification method. First, the influence of the difference in udder location on the spectral data was investigated. SIMCA classification for mastitis diagnosis based on the SCC value was performed for the whole udder and for the front and rear quarter spectra, separately. The findings of this study demonstrated the potential application of real time shortwave NIR in vivo spectroscopy for diagnosing mammary gland inflammation in dairy cow udders before milking. Differences in shortwave NIR tissue spectra between front and rear udder quarters were recognised by the SIMCA model to identify udder position and these differences were applied to the diagnosis of mastitis in each udder based on the number of somatic cells in milk. The method, which employed a stepwise increase in the SCC value threshold for SIMCA classification, was clarified and applied to mastitis diagnosis.
Two technical notes are reported at the end of this Special Issue. As guest editors, it is our opinion that these contributions are important to highlight the number of different sources of variation in the data and to prove the actual applicability of NIR spectroscopy at the industrial level.
Bogolov et al. 17 report an elegant qualitative illustration of some basic theoretically known principles of light multiple scattering obtained in a single, simple experiment submitting milk to different homogenisation processes. This provides a rather unique display of the spectral effects of the systematic change in particle size over the whole wavelength scale from 400 nm to 1100 nm (vis-NIR). The clear separations of spectra, and the significant changes in shape observed, suggest that it should be quite straightforward to correlate spectra with physical properties, such as homogenisation pressure. Future plans for this on-going research include space-and time-resolved spectroscopic measurements with an aim to separate absorbance and scatter effects in milk spectra under a quantitatively controlled variability in globule sizes.
In the last but not least paper in this issue, S.E. Holroyd et al. 18 report on the industrial experiences of using NIR in a dairy processor in order to monitor a process and product quality for a milk powder production line. Specific challenges that must be overcome include controlling the operating temperature of the instrument and ensuring consistent powder flow over the probe area, as well as ensuring consistent powder sampling for on-line systems.
Conclusions
NIR continues to develop and help us to unlock the information hidden in our samples; instrument developments, especially in miniaturisation, will bring the technology ever closer to the optimum testing point; further developments in chemometrics will give us more accurate, faster and more robust generic global models. The tools may improve but we must continue to think! NIR is now a technique of choice rather than an end in itself. Applications are less confined to laboratories; more applications are at-line, in-line, on-line and in-field. With more robust and portable instruments, we are taking the instrument to the sample more than the sample to the instrument.
The breadth of NIR applications shows no sign of diminishing and the impact of NIR in many fields of everyday life is spreading, if not always recognised. In many industries there is no viable alternative to NIR: NIR is making a difference!
